Aims: Chronic diseases may affect sexual health as an important factor for well-being. Mobile health (m-health) interventions have the potential to improve sexual health in patients with chronic conditions. The aim of this systematic review was to summarise the published evidence on mobile interventions for sexual health in adults with chronic diseases.
Introduction
Sexuality is an important factor for interpersonal connections and is associated with both positive mental and physical health outcomes. 1 The World Health Organization (WHO) defines sexual health as a state of physical, emotional, mental and social well-being related to sexuality throughout the lifespan. among men and women. 3 Chronic diseases as physiological factors and hence the treatment of such conditions may have serious effects on sexual functioning. 4 For instance, female sexual dysfunction (SD) and decreased sexual desire are very common after breast cancer treatment. 5, 6 Treatment and control of SD in patients with chronic diseases must be considered in order to improve quality of life. However, assessing sexual function and discussing sexual problems with a clinician in clinic is limited due to the embarrassment or shame of people with sexual problems. This may be limiting treatment-seeking behaviour among patients. [7] [8] [9] The easily administered and interpreted tools that are available to assess and manage sexual problems could improve people's sexual health. 9 Other than pharmacotherapy, psychological interventions including assessing sexual function, behavioural therapy and cognitive-behavioural therapy (CBT) are the best-known approaches to address the behavioural, cognitive, affective and attitudinal aspects of sexual problems. 8 There is growing evidence that Internet-based CBT is an effective method of treatment for a variety of psychological problems, including SD. 4 Mobile health (m-health) is defined as 'the use of mobile, internet and wireless technologies to deliver healthcare services regardless of geographical, temporal, and even organizational barriers'. It has a strong impact on typical health-care services 10, 11 and can be an alternative treatment approach for clinical sexual problems. 8, 12, 13 Mhealth interventions provide convenience, privacy, anonymity and more interactive treatment for SD and are suitable tools for people who are too embarrassed or anxious to discuss their SD with a clinician. 8, 12, 13 Some review studies have reported various digital and mobile interventions for sexual health promotion in adults and adolescents. Interventions that have been considered in these reviews include interactive digital interventions, serious digital games, short message service (SMS), mobile apps and social media. [14] [15] [16] [17] [18] [19] [20] [21] While the use of Internet therapy as a potential treatment for SD has frequently been advocated, 13 as far as we know, there have been no systematic reviews that primarily include m-health interventions when addressing sexual health problems in adults with chronic diseases.
This systematic review summarises the published evidence on the effectiveness of m-health interventions in sexual health outcomes in adults (i.e. those aged 19 years) with chronic disease, as well as the reported quality, study design, methodology and technical features of such interventions. This research was designed to answer the following questions. (a) What are the m-health interventions for the management of SD among adults with chronic diseases? (b) What are the contents and technical characteristics of these interventions? (c) Have these interventions been effective in sexual health outcomes?
In this study, we defined SD as difficulty experienced by an individual or a couple during any stage of normal sexual activity, including physical pleasure, desire, preference, arousal or orgasm.
Methods
To conduct and report this systematic review, we followed the procedures described in the Preferred Reporting Items for Systematic Review and MetaAnalysis (PRISMA) statement. 22 
Eligibility criteria
The eligibility criteria for study selection were defined based on the Patient and Problem, Intervention, Comparison, Outcome, and Study design) as follows:
• Population: individuals aged 19 years with a history of any type of chronic disease and a diagnosis of SD who were in a heterosexual relationship.
• Intervention: m-health interventions, including apps, websites, SMS and other mobile technologies.
• Comparator: usual sexual outcomes (behavioural, psychological, knowledge and attitude).
• Outcome: primary outcomes of interest, including clinical outcomes, psychological outcomes behavioural outcomes and sexual knowledge or attitude; other outcomes of interest identified during the literature review were included.
• Study design: we did not apply any restrictions on the type of studies.
Exclusion criteria
Studies were excluded if (a) measured outcomes were within the domains of sexually transmitted infections, human immunodeficiency virus/acquired immune deficiency syndrome, violence, antenatal care or postnatal care; (b) the population was in sexual minority group (e.g. transgender, genderqueer, intersex, etc.); (c) the intervention was delivered via other information and communication technologies (e.g. personal computers, games, etc.); (d) interventions were delivered through the Internet but not a developed website or programme (e.g. blogs, social networks, email only, etc.); or (e) the paper was a review, commentary, meeting or conference paper or grey literature.
Information sources
Five electronic databases in the field of medicine and social sciences, including Medline (through PubMed), Embase, Web of sciences (core collection), Scopus and 2
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PsycINFO (through Proquest), were searched. We restricted our searches to English-language peerreviewed literature from 1 January 2009 to 31 December 2019. We also examined the reference lists of identified articles to find studies that did not initially appear in our search.
Search strategy
Regardless of inclusion criteria, we defined our search strategy to be purposefully broad in order to ensure that we captured all relevant articles. Search terms were grouped into three conceptual categories: sexual health and problems, mobile technology and the application of the interventions. For each concept, appropriate keywords were defined based on the aim of the study and inclusion criteria. Due to the diversity of chronic problems, the keywords related to chronic diseases were not defined. Alternatively, we selected all sexual problems and then included only those related to chronic diseases. To develop a sensitive search strategy, we joined the defined terms and database-specific indexing terms (MeSH in PubMed and Emtree in Embase) whenever possible, and supplemented them with other words and phrases as needed (see Online Appendix 1). The final search strategy was made by combining the keywords with the 'OR' Boolean operator in each concept and with the 'AND' operator between concepts. The search strategy was modified specifically for every database based on their guide (see Online Appendix 2).
Study selection
The search results of selected databases were imported into the EndNote citation manager software, and the duplicates were removed. Two reviewers independently scanned titles and abstracts against the eligibility criteria. Each study was marked as relevant or irrelevant. An article was excluded if marked as irrelevant by both reviewers. The full texts of the remaining studies were reviewed separately by each reviewer, and the final eligible studies were determined and included. Any disagreements were discussed between reviewers, and two other authors were involved to help reach a consensus when necessary. We also excluded studies if they reported the same intervention in different study designs. The PRISMA flow diagram was used to document the search strategy and article selection process.
Data collection process and quality assessment
The data of interest and the basic characteristics of the selected studies, including the name of the intervention, the population, the aim of the intervention, the study design, the outcomes and the key technical features of the intervention, were extracted using a standardised sheet, which was designed and piloted by the reviewers. The study design, the primary outcome and the application of the intervention were used as classification schemes for synthesising the data. We categorised the application of the interventions into five classes: self-assessment, self-help, education, consultation and treatment. The primary outcomes were categorised into the following groups: clinical, psychological, behavioural, sexual knowledge and attitude, skills and selfefficacy. One reviewer extracted data from the selected studies, and a second reviewer independently confirmed the accuracy.
To assess the quality of studies, evidence was graded using the m-health evidence reporting and assessment (mERA) checklist, 23 a checklist that consists of 16 core items focusing on the reporting of m-health interventions by addressing their content, context and implementation features.
Data synthesis and analysis
An overview of the basic characteristics of the studies was summarised in a table. Data were not combined because of differences in the main outcome measures and populations of the studies. All research findings were classified according to review objectives.
Results

Study selections
The online search resulted in 8961 unique articles being identified. Screening of the titles and abstracts rendered 55 articles for full-text review. A total of 45 articles were excluded at full-text screening. No new relevant studies were found by examining the reference lists of the identified studies. Finally, nine studies that reported m-health interventions for improving sexual health of chronic disease survivors were included in this study. The process of study selection is shown in a PRISMA diagram (Figure 1 ).
Study characteristics
The publication year of the studies ranged from 2011 to 2018. Only one study was found from 2019. 24 The intervention in this study was reported in four different manuscripts by different study designs between 2015 to 2019. 4, [24] [25] [26] However, we included only one study from this author. 4 Three (36%) studies were conducted in the USA, 6, 27, 28 two (22%) in Sweden, 29, 30 one (11%) in Canada 31 and one (11%) in both the USA and Canada. 32 Other studies were conducted in Australia, 33 the Netherlands 4 and Belgium.
The age of participants in the reviewed studies ranged from 18 to 82 years ( 29, 30 (Table 1 ). The setting of the studies included a mental health organisation in the Netherlands, 4 nationwide programmes in Australia and Sweden, 30, 33 a university cancer centre in the USA, 6 ,27,28 gynaecological oncology clinics, outpatient clinics and a tertiary care cancer centre in Canada, 31 a cancer agency, cancer centre and a cancer programme at a hospital in the USA and Canada, 3 hospitals in Belgium, 34 and a hospital university in Sweden. 29 The study design was a randomised controlled trial (RCT) in five studies 4, 6, 27, 32, 33 while others were designed as pilot test, 28, 31 intervention development 29, 34 and feasibility study.
30
The follow-up duration of the studies ranged from 3 to 12 months. The attrition rate ranged from 1.89% 30 to 91.2%. 34 The main objectives or applications of the studies were treatment, 4,28,32,33 consultation 27,31 and self-help 6, 29, 30, 34 (Table 1) . We assigned all primary outcomes of the studies into clinical, psychological and behavioural categories (Table 1) . Menopausal symptoms, 6 female sexual function, 4, 6 sexual activity, 4 sexual function, 27 female sexual distress, 4 sex-related distress, 32 relationship intimacy, 4 sexual satisfaction, 27,33 current distress, 27 relationship Men showed a significant improvement in intercourse satisfaction and a marginally significant increase in sexual desire.
(continued) satisfaction, 27 feelings about body image and sexuality, 31 baseline sexual knowledge 32 and quality of life in adult cancer survivors 6, 31 were defined as primary outcome measures in the reviewed studies.
Intervention characteristics
The application of four interventions was sexual therapy. 4, 27, 28, 32, 33 Other interventions were an informative website and discussion forum for consultation and selfhelp 6, 29, 30, 34 and support group. 31 Online moderate discussion, online chat group, video communication with experts and self-assessment of skills and attitudes were technical features of some interventions. 6, [29] [30] [31] [32] [33] Four interventions were also customisable 4, 27, 29, 33, 34 ( Table 2 ).
The CBT model was used as the logic model and theoretical framework in three studies. 4, 27, 33 A mindfulness-based cognitive-behavioural intervention was used in another intervention. 32 The Internet intervention was based on the key components defined by Barak 35 in two studies. 29, 30 One study used the supportive-expressive group therapy model for its online support group 31 ( Table 2) .
Effectiveness of interventions
Because of the heterogeneity in the study design and outcome measures, we were not able to conduct a meta-analysis. However, all studies reported a significant positive effect of web-based interventions on adults' sexual outcomes ( Table 1 ).
Assessment of m-health essential quality
Of 16 essential criteria defined by mERA for m-health, 12 (75%) were met by 50-100% of the included studies ( Figure 2 ). In another view, all reviewed studies met 65-85% of the m-health essential criteria (Figure 3) . Regarding the availability of infrastructure to support technology operations in the study location, two studies only considered Internet access as the main infrastructure. 4, 6 Three studies did not consider any necessary infrastructures for the intervention. 29, 31, 33 All studies developed interventions in the form of a website. Of these, five studies designed passwordprotected websites.
6,27,30,32,34 E-mail, 4 asynchronous chat and online chat groups, 12, 36 phone and video conference 36 and discussion forums 6 were other modes of intervention delivery. Duration of intervention delivery varied from 10 weeks to five months, and users would use the intervention every day or weekly, based on the intervention design (Table 2 ). Only three studies described the hardware used, which included computer, tablet, mobile and laptop. 27, 29, 30 None of the reviewed studies described how the intervention could integrate into the existing health information systems. All studies partially described the content of the intervention. Four studies used basic information. 29, [31] [32] [33] Detailed information on some web-page content and tools was reported by three. 6, 30, 34 One study 4 used published guidelines for CBT for SD, and two 29, 30 created the features of the intervention based on the key components for Internet interventions. 35 No study clearly described formative research. However, content and usability testing with target groups were described in most cases. One study mentioned some results of usability testing. 6 The interview process was mentioned in another study. 31 The evaluation of the content and layout using a post questionnaire was discussed in another study, 34 programme acceptability was measured through semi-structured interviews 32 and the content quality was discussed in meetings with participant research partners. 29 In one study, the feasibility was evaluated in terms of four aspects (demand, acceptability, preliminary efficacy and functionality). 30 From the nine studies reviewed, seven described user feedback about the intervention. 27, [29] [30] [31] [32] [33] [34] Two studies recorded and calculated page view data. 27, 33 One study collected data from both the website tracking system and an online post 
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DIGITAL HEALTH questionnaire. 34 One study gathered the data through semi-structured interviews. 31 In one study, an online questionnaire together with interview sessions were used for collecting feedback. 32 System quality was discussed in group meetings in one study. 29 Finally, one study reported using website system data, telephone interviews, continuous online evaluations and studyspecific measures for gathering feedback from users. 30 These studies reported positive evaluations of participating in the m-health intervention for sexual problems, and the majority of the participants (75-97%) were satisfied with the interventions. 36, 37 Only two studies provided instructional approaches for end users of the intervention by the deployment of clinical experts. 4, 31 Providing information via email was another method mentioned in another study 30 to educate users about how to use the intervention.
The appropriateness of the intervention and any possible adaptation strategies used to assess the fidelity of the intervention and a cost assessment of the webbased intervention were not considered in any of the studies. Furthermore, no study presented adequate technical and content details to support replicability. Considering data security of the interventions, some studies used password-protected websites. 6, 27, 32, 34 However, no study explained any hardware, software or procedural steps taken to minimise the risk of data loss or data capture.
Five studies 4,30-32,34 mentioned barriers and facilitators to the adoption of the intervention among study participants. Competing priorities, fatigue and the strain of reading materials on a computer screen, 31 not being acquainted with the Internet, 34 lack of computer and Internet access 32 and use of a specific language 30 were barriers to the applicability of web-based interventions reported in studies. Facilitators to the adoption of such interventions included: having the programme guided by a personal psychologist or sexologist, 4 employing clinical psychologists with expertise in facilitating psycho-oncology and sexuality groups, 31 using post and email service for sending information 30, 34 and discussing the forms for collaboration between researchers and patient research participants during an initial meeting. 30 
Discussion
There are a considerable number of studies exploring the effects of m-health interventions on sexual health problems. However, among the 7829 retrieved articles, only nine met our inclusion criteria. This demonstrates that m-health interventions addressing sexual problems for patients with chronic diseases have not been considered sufficiently over the last 10 years. Although various chronic diseases such as diabetes, hypertension, inflammatory bowel disease and so on can affect sexual functioning, [38] [39] [40] reviewed studies mostly considered breast or prostate cancer for female or male patients, respectively, indicating that more research is needed for the evaluation of m-health interventions aiming at sexual health improvement in patients with other chronic disease and considering other types of cancer as well.
Since the relationship factors may affect sexual functioning, sexual health interventions should be designed separately for those who are single and those who are cohabiting. On the other hand, whenever an intervention is designed for those in a sexual relationship, it is important that both members of the couple be involved in the intervention. 41 One of the positive aspects of the selected studies was taking the partners of patients involved in the studies into consideration. In some studies, involvement of the partners was desirable but not mandatory. However, sexual function and both partners' relationship satisfaction are important prognostic factors for the success of sexual rehabilitation. 27 The applications of reviewed interventions were therapy, consultation and self-help. M-health interventions can be used for sexual education, selfmanagement, self-assessment and so on. 42 Education is a remarkable factor in sexual health promotion, especially for the prevention of high-risk sexual behaviors. 43 The utilisation of m-health for patient education can lead to better sexual health outcomes through improving patient knowledge and involving them in sexual decisions. 42 Future research is needed to identify the impact of mobile interventions on sexual health education for patients with chronic diseases.
The selected studies measured sexual functioning and satisfaction outcomes. In order to make sure that mobile interventions are effective in sexual health promotion for patients with chronic disease, sexual health knowledge, self-efficacy, intention, motivation and biological outcomes should be considered in future studies. 44 M-health devices include smartphones, wearable activity trackers, wirelessly connected scales and so on that send and receive health data through the Internet or local networks. 45 We explored m-health interventions for sexual health improvement but did not find any interventions delivered through smartphones or other devices. One reason might be that such interventions have been designed but not reported. Additionally, the platform of all included interventions was web applications delivered through websites, despite smartphone apps being increasingly used for health prevention and care. 18, 20, 46 Given that mobile phones have improved Internet access and the capacity to perform more advanced computer functions, web-based interventions may be more effective if delivered in combination with smartphone apps. 47 Our results showed insufficient consideration of customisable interventions. Providing information and services to each individual based on personal data related to a given health outcome can be more effective than presenting global information. 48 Regardless of the study design, m-health interventions will not be effective if users do not adopt and continue to use them. 45 It is not possible to measure the impact of various features on the adoption of interventions directly, but understanding the reasons for attrition leads to reliable user-friendly interventions. 49 Our findings highlight the importance of exploring users' needs, their preferences for sexual health and features associated with system usability 14 and userfriendliness by researchers and system developers so that better adoption and adherence to web-based sexual health interventions will be supported.
Some interventions provide online discussion features for patient-clinician communication. Online communication tools such as online discussion forums and online chat groups are effective in reducing anxiety and depressive symptoms in individuals with depression and breast cancer. 50 Self-disclosure, learning from others' experiences and providing guidance are the advantages of online communication tools that can be used to enhance the cognitive aspects of web-based sexual health interventions. 3 Some of the reviewed studies did not consider the logic model or theoretical frameworks. Interventions will be more effective if they are designed based on the theory and evidence. Additionally, the design of interventions is frequently not well described in studies, which makes it difficult to replicate interventions. As a result, designers of future interventions find it hard to discriminate effective and ineffective aspects. Thus, researchers should describe the content and development process of intervention in detail, since this helps other researchers to understand how and why the interventions work and thus facilitates the evaluation of the intervention. 51 This study found that using m-health interventions may help reduce sexual health problems among patients with chronic diseases. The findings of this review are in line with other systematic reviews that have been performed in m-health interventions for the promotion of sexual health, which showed that the use of digital interventions has the potential to improve sexual health outcomes among people with sexual difficulties. 15, 16, 20, 44, 52, 53, 54 Due to the diversity in the design of the reviewed studies, we did not assess the risk of study bias. To assess the quality of the m-health interventions, the mERA checklist 23 for m-health essential criteria was used. Although CONSORT-EHEALTH 11 can also be used to evaluate the validity and applicability of webbased intervention trials, we prefer the mERA checklist, since it provides guidance for developing complete and transparent reports on studies that evaluate the feasibility and effectiveness of m-health interventions, while CONSORT-EHEALTH does not provide any recommendations for reporting the technical details, feasibility and sustainability of the intervention strategies. The findings of this systematic review revealed that the quality of the reviewed studies based on m-health essential criteria was fair. Reporting on m-health interventions is new, 23 and m-health reporting tools such as mERA have been available in recent years for complete and transparent reporting on m-health intervention research. More reliance on the utilisation of the mERA checklist would provide better reporting and an improved ability to synthesise the evidence on m-health interventions.
Strengths and limitations
To our knowledge, this is the first systematic review exploring the effectiveness and quality of m-health interventions targeting sexual health promotion for adults with chronic diseases. The findings of this review helped to identify the gaps in the sexual health interventions delivered via mobile technology. It might be a useful roadmap to guide further studies on the use of mobile interventions for sexual health promotion.
To analyse a comprehensive set of m-health interventions, we included studies with diverse study designs. The benefit of this search strategy was that a larger sample size of published m-health interventions was obtained, and therefore the focus was on the recently developed interventions. However, all of the included studies were conducted as RCT.
Nevertheless, there were some methodological limitations to this study. First, we did not include studies published in languages other than English, which increases the likelihood that relevant studies were missed. Second, due to resource and time constraints, we searched only five electronic databases. Searching more databases, such as the Cochrane library or IEEE Xplore, may affect the results. Third, since positive outcome effects are more likely to be published than non-significant or negative ones, selective outcome reporting or publication bias was inevitable. Finally, we included and analysed all types of studies, regardless of their quality. Although it is often helpful to have more recent findings, low-quality studies present more inconclusive data, which affect the results.
This review is part of a main study which aimed to design a m-health intervention for the management and support of sexual health problem among heterosexual adults with usual sexual relationships. We excluded
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Recommendations for future studies
Whilst the results of the included studies were mostly positive, we were unable to identify effective structures and strategies of mobile interventions due to poor reporting quality and heterogeneity of the interventions as a result of small sample sizes or contamination effects. The quality of interventions is acceptable based on the mERA essential criteria checklist. Yet, it is recommended that future studies consider some m-health essential criteria discussed in this systematic review. Following the privacy concerns about sexual health issues, ethical aspects of interventions should be considered in system development. 21 The reviewed studies focused on sexual health for individuals dealing with cancer of any type, even though other chronic diseases can affect sexual functionality as well. 26, 32, 33 Thus, future studies need to assess the effectiveness of m-health interventions for patients suffering with other chronic diseases such as diabetes, dementia and so on. The review and assessment of m-health interventions for improving sexual health in sexual minority groups suffering from chronic illnesses is another recommendation for future studies.
Conclusion
This systematic review shows that mobile interventions are effective in the improvement of sexual health outcomes in adults with chronic diseases. However, the results should be interpreted with caution because the quality and the risk of bias of the studies are ambiguous and need to be evaluated. Moreover, the impact of such interventions on sexual knowledge, attitudes and/ or behaviour has not yet been fully elucidated. The limited number of included studies points to the need for additional research. Future studies need to consider the specific features associated with improving the adoption of sexual mobile interventions.
